Effects of caffeine on women's health are inconclusive, in part because of inadequate exposure assessment. In this study we determined 1) validity of a food frequency questionnaire compared with multiple 24-hour dietary recalls (24HDRs) for measuring monthly caffeine and caffeinated beverage intakes; and 2) validity of the 24HDR compared with the prior day's diary record for measuring daily caffeinated coffee intake. BioCycle Study (2005)(2006)(2007) participants, women (n = 259) aged 18-44 years from western New York State, were followed for 2 menstrual cycles. Participants completed a food frequency questionnaire at the end of each cycle, four 24HDRs per cycle, and daily diaries. Caffeine intakes reported for the food frequency questionnaires were greater than those reported for the 24HDRs (mean = 114.1 vs. 92.6mg/day, P = 0.01) but showed high correlation (r = 0.73, P < 0.001) and moderate agreement (К = 0.51, 95% confidence interval: 0.43, 0.57). Women reported less caffeinated coffee intake in their 24HDRs compared with their corresponding diary days (mean = 0.51 vs. 0.80 cups/day, P < 0.001) (1 cup = 237 mL). Although caffeine and coffee exposures were highly correlated, absolute intakes differed significantly between measurement tools. These results highlight the importance of considering potential misclassification of caffeine exposure.
caffeine on women's reproductive health. Most studies assessing caffeine among nonpregnant, premenopausal women use self-administered, semiquantitative food frequency questionnaires (FFQs) (5, 10, (12) (13) (14) . Diet records and recalls are generally considered to be the "gold standard" for dietary assessment and thus are often used as the reference when assessing the relationship between reported intakes from the FFQ and true usual intakes (15) . Various versions of the FFQ have been validated for caffeine intake among non-American, older women in 2 previous studies (mean ages of subjects: 54 and 58 years) (15, 16) and for caffeinated beverage intake (i.e., of coffee, tea, and soda) among pre-to perimenopausal American women (aged 34-59 years, uniformly distributed) (17) . No study to date, however, has assessed the validity of the FFQ for both caffeine and caffeinated beverage intakes for a younger cohort of American women of reproductive age by using appropriate statistical methods. Validation studies depending on correlation analyses alone are inadequate because correlation measures the strength of the linear relationship, not the agreement, and correlations depend on the range of the true quantity within the sample (18) .
Our primary objective was to assess the validity of 1) the FFQ compared with multiple 24-hour dietary recalls (24HDRs) for measuring monthly caffeine and caffeinated beverage intakes; and 2) the 24HDR compared with the corresponding day's daily diary record for measuring daily caffeinated coffee intake. Our secondary objective was to assess the variability of caffeine consumption patterns by comparing 1) caffeine and caffeinated beverage intakes for eight 24HDRs and (for caffeinated coffee) daily diaries captured over 2 menstrual cycles; and 2) caffeine and caffeinated beverage intakes as reported on the FFQ completed at baseline (capturing intakes during the previous 6 months) with the FFQ completed at the end of each menstrual cycle (capturing intakes during the previous menstrual cycle).
MATERIALS AND METHODS

Study population
The BioCycle Study (2005) (2006) (2007) included women aged 18-44 years from western New York State who were enrolled for 1 (n = 9) or 2 (n = 250) menstrual cycles. The study population, materials, and methods have been previously described in detail (19) . In summary, eligible women had a body mass index (measured as weight (kg)/height (m) 2 ) of between 18 and 35 and no history of chronic disease. Women who were currently pregnant, had been pregnant in the last 6 months, or were planning to attempt to conceive in the next 3 months were ineligible. Physical measures were obtained in the clinic by using standardized protocols, and sociodemographic and lifestyle information was collected by using validated questionnaires (19) . The Health Sciences Institutional Review Board at the University at Buffalo approved the study and served as the institutional review board designated by the National Institutes of Health under a reliance agreement.
Dietary assessment
Twenty-four hour dietary recall. Participants completed a 24HDR at the clinic after the collection of a fasting blood specimen during the visits corresponding to menstruation, the midfollicular phase, ovulation, and the midluteal phase. Study visits were scheduled to occur during these key phases of the menstrual cycle by using an algorithm accounting for each woman's self-reported cycle length. Fertility monitors (Clearblue Easy Fertility Monitor; Inverness Medical Innovations, Inc., Waltham, Massachusetts) measured estrone-3-glucuronide and leuteinizing hormone in urine starting on calendar day 6 after menses and continuing for 10-20 days. The monitor algorithm determines "peak fertility" on the basis of predetermined cutpoints during the first cycle, but in subsequent cycles it adjusts the cutpoint criteria according to the woman's specific hormone levels. Monitor indications of low, high, and peak fertility were used to time midcycle visits.
Information regarding food and beverage intakes was collected by using a standardized, multiple-pass approach of interview methodology. Nutrient intakes were calculated by using the Nutrition Data System for Research, 2005 version (Nutrition Coordinating Center, Minneapolis, Minnesota). This program calculates caffeine intake on the basis of consumption-weighted averages of US Department of Agriculture values, computing the nutrients (e.g., caffeine in mg/ day) and the food and beverage components (e.g., unsweetened coffee in cups/day) (1 cup = 237 mL) from the 24HDR assessments. The Nutrition Data System for Research assumes the following caffeine contents: 94.7 mg per cup of caffeinated coffee; 48.8 mg per cup of reduced caffeine coffee; 62.8 mg per fluid ounce of espresso (1 fluid ounce = 30 mL); 47.4 mg per cup of brewed black or green tea; 2.4 mg per cup of decaffeinated tea (black or green) or decaffeinated coffee; 24.8 mg per cup of caffeinated cola soda; 36.8 mg per cup of highly caffeinated soda (e.g., Mountain Dew) (PepsiCo, Inc., Purchase, New York); 17 mg per ounce of dark chocolate (1 ounce = 28 g); and 6 mg per ounce of milk chocolate. Ninety-six percent of participants completed at least three 24HDRs in both of their cycles and 73% completed all eight 24HRDs.
Food frequency questionnaire. Nutrient data were collected by using the Nutrition Assessment Shared Resource FFQ-GSEL (Fred Hutchinson Cancer Research Center, Seattle, Washington) (20) . Participants completed the FFQ up to 3 times at the clinic: once at baseline (FFQ-B) to capture the usual intake for the previous 6 months and once during the late luteal phase of each cycle (FFQ-1 and FFQ-2) to determine the usual intake in the month of each cycle. Participants reported on the frequency of consumption (e.g., ranging from "never or less than once per month" to "6+ per day") and portion size (e.g., small, medium, or large, with the medium serving size of coffee described as 1 cup) of approximately 120 items, including 5 caffeinated beverages and chocolate. These items were grouped as follows: "latte, cappuccino, mocha, or hot chocolate" (hereafter referred to as "coffee drinks/cocoa"); "coffee (not lattes or mochas)"; "tea (all types)"; "diet soft drinks"; "regular soft drinks"; and "chocolate candy bars and toffee." The Nutrition Assessment Daily diary. Participants used daily diary forms to record their daily caffeinated coffee intake and other lifestyle and health items, including the number of cigarettes smoked. No other caffeinated foods or beverages were recorded on the daily diary. At baseline, study staff instructed each participant to begin completing her daily diaries on the first day of her next menstrual period and to continue through the next 2 menstrual cycles. Participants recorded the number of cups of caffeinated coffee (hot or iced, instant or brewed) they consumed. Ninety-seven percent of participants completed at least 75% of the daily diaries in at least 1 cycle; 71% of participants completed 100% of the daily diaries in at least 1 cycle.
Statistical analysis
Validity of caffeine and caffeinated beverage intakes.
Although the 24HDR has been shown to outperform the FFQ, daily diaries are thought to be the most accurate selfreport method given their prospective versus retrospective nature (21) . The BioCycle Study allowed us to compare total caffeine and caffeinated beverage intakes as reported in the FFQ (test method) with those reported in up to eight 24HDRs (reference method). We were also able to compare caffeinated coffee intake as reported in the 24HDR (test method) with that reported in the daily diary (reference method). Because the FFQ-GSEL does not distinguish between caffeinated and decaffeinated coffee, we could not directly compare caffeinated coffee intake reported in the FFQ with that reported in the daily diary.
Descriptive statistics were calculated by including sociodemographic characteristics of the participants. To evaluate the validity of the FFQ for assessing monthly caffeine and caffeinated beverage intakes, we summed and averaged data from the FFQ-1 and the FFQ-2 and compared that mean value with the mean value of the eight 24HDRs; we additionally compared the four 24HDRs per cycle with their corresponding FFQs. Caffeine and caffeinated beverage intakes from the 24HDRs and the FFQs were not normally distributed; therefore, we used nonparametric analysis techniques. We report arithmetic means (standard deviations) for comparison with other studies, in addition to geometric means (standard deviations) and medians (interquartile ranges) to reflect our nonnormally distributed data. To determine the validity of the FFQ compared with the 24HDR, we included in the analyses women who completed either the FFQ-1 or FFQ-2 and at least 75% of their 24HDRs for the corresponding cycle (n = 249). To validate the 24HDR compared with the daily diary, we included women who completed at least 75% of their daily diaries and 24HDRs in at least 1 of their cycles (n = 251).
Wilcoxon's matched-pairs signed-ranks tests were used to determine differences between the mean ranks. Pearson's product-moment correlation coefficients on log-transformed values described the associations between the FFQs and the 24HDRs. We also calculated deattenuated Pearson's productmoment correlation coefficients in which the within-woman variations were divided by the between-woman variations to quantify the variance ratios of the 24HDRs (22) .
To visualize agreement between the FFQ and the 24HDR for caffeine and caffeinated beverage intakes, we constructed Bland-Altman plots by using the mean values of FFQ-1 and FFQ-2 and the eight 24HDRs. We present the plots on the original scale with back-transformed limits of agreement (23) . To evaluate the FFQ's ability to assign women to the same categories of intake as the 24HDR, we classified women into 4 categories: nonconsumers of caffeine and tertiles of caffeine and caffeinated beverage intakes among caffeine consumers based on the distribution of data from both the FFQ and the 24HDR (24, 25) . We performed crossclassification analyses and compared percent agreement and weighted κ coefficients calculated with a linear set of weights by using Landis and Koch's guidelines for interpreting κ coefficients (26) . The recommended level of daily caffeine intake (≤200 mg/day) for women planning to conceive (27) was used as the threshold value to estimate specificity, sensitivity, and positive and negative predictive values of the FFQ, whereby intakes within the recommended range were defined as positive. Sensitivity analysis was performed by using a cutpoint of 300 mg/day of caffeine intake.
To evaluate the validity of the 24HDR for assessing daily caffeinated coffee intake, we used the above analyses to compare the mean caffeine intake as reported on the 24HDR with the previous day's daily diary and classified women into 4 categories: nonconsumers of caffeine and tertiles based on the distribution of data from both the 24HDRs and the daily diaries (24, 25) to evaluate the 24HDR's ability to assign women to the same categories of intake as the daily diary. We chose a relevant cutpoint of 1 cup/day (14) to estimate specificity, sensitivity, and positive and negative predictive values of the 24HDR, whereby intakes of <1 cup/day were defined as positive.
Variability of intakes of caffeine and caffeinated beverages. To determine the variability of caffeine and caffeinated beverage intakes over the study period as reported in the FFQ, we repeated the above analyses to assess the agreement between the FFQ-1 and the FFQ-2 (with the exception of deattenuating the correlation coefficients, which are deemed unnecessary for reproducibility studies) (24) by restricting analyses to women who completed both the FFQ-1 and the FFQ-2 (n = 224). We compared the FFQ-B with the mean of the FFQ-1 and the FFQ-2 to account for changes in consumption while under observation, and we restricted analyses to women who completed all 3 FFQs (n = 222).
To determine the variability of caffeine and caffeinated beverage intakes as reported in the 24HDRs and the daily diaries, we used repeated measures analyses with random intercepts and restricted analyses to women who completed at least 75% of their 24HDRs (n = 258) and daily diaries (n = 251) for at least 1 of their cycles. P values are 2-tailed with significance set at P < 0.05. Analyses were performed in SAS, version 9.2, software (SAS Institute, Inc., Cary, North Carolina). 
RESULTS
Population characteristics
Participants included in the validity study (n = 249) were relatively young, with a mean age of 27.5 (standard deviation, 8.3) years; of normal weight, with a mean body mass index of 24.1 (standard deviation, 3.8); predominately white (59.2%); currently nonsmokers (defined as no current cigarette use as recorded in their daily diaries) (95.6%); and nulligravidas (69.1%). Demographics of the women included in the variability analyses as assessed by the FFQ (n = 224) were similar to those of subjects in the validity study.
Validity of caffeine and caffeinated beverage intakes
According to the FFQ-B self-reports, 58% of subjects consumed coffee, 72% consumed tea, 64% consumed coffee drinks/cocoa, and 78% consumed soda. Similar patterns were seen for the FFQ-1 and FFQ-2, with 60% of subjects consuming coffee, 72% consuming tea, 63% consuming coffee drinks/cocoa, and 81% consuming soda. Average beverage consumption reported on the 24HDRs was less than that reported on the FFQs, with 49% of subjects consuming coffee, 64% consuming tea, 21% consuming coffee drinks/cocoa, and 71% consuming soda.
Compared with the 24HDR, the FFQ overestimated usual daily intakes of caffeine (mean = 114.1 mg/day vs. 92.6 mg/day; geometric mean = 48.9 vs. 41.4; P = 0.01), coffee (mean = 0.76 cups/day vs. 0.51 cups/day; geometric mean = 0.11 vs. 0.08; P < 0.001), and coffee drinks/cocoa (mean = 0.18 cups/day vs. 0.09 cups/day; geometric mean = 0.05 vs. 0.02; P < 0.001) and underestimated usual daily soda intake (mean = 0.41 cups/day vs. 0.57 cups/day; geometric mean = 0.12 vs. 0.16; P < 0.001), although the log-transformed caffeine and caffeinated beverage intakes were all significantly correlated (P < 0.001) ( Table 1) . Despite divergence, the Bland-Altman plots showed acceptable relative limits of agreement (Figure 1) . The intrawoman limits of agreement were ±1.14 for caffeine, ±0.94 for coffee, ±1.34 for coffee drinks/cocoa, ±1.45 for tea, and ±1.24 for soda. Differences for intakes of all beverages except coffee followed a normal distribution. Results were similar when we compared the average intakes per cycle as reported for the 24HDRs with the corresponding FFQs (data not shown).
The majority of women (50%-71%) were assigned to the same categories of consumption by both methods except for the consumption of coffee drinks/cocoa, in which 41% were assigned to the same category, 21% to the adjacent category, 24% to the second adjacent category, and 14% to the extreme category; and the consumption of tea, in which 49% were assigned to the same category, 30% to the adjacent category, 12% to the second adjacent category, and 3% to the extreme category ( Table 2) . Weighted κ values showed substantial agreement for coffee (weighted κ = 0.74); moderate agreement for caffeine, tea, and soda (weighted κ = 0.51, 0.43, and 0.53, respectively); and slight agreement for coffee drinks/cocoa (weighted κ = 0.17). By using recommended daily amounts for caffeine as the threshold value (<200 mg/day), we found that sensitivity of the FFQ was 0.90 and specificity was 0.74. The positive and negative predictive values were 0.96 and 0.45, respectively. Results were similar when we used a 300-mg/day cutpoint, with values of 0.95 for sensitivity, 0.64 for specificity, 0.98 for positive predictive value, and 0.45 for negative predictive value.
High correlation (ρ = 0.77, P < 0.001) was found between caffeinated coffee intake as reported on the 24HDR and the corresponding day's daily diary; however, mean intakes differed significantly (mean = 0.51 cups/day vs. 0.80 cups/day; geometric mean = 0.05 vs. 0.08; P < 0.001) (Figure 2 ). Mean differences between the 24HDR and the daily diary were Pearson's product-moment correlation coefficient on log-transformed data. All correlations were considered significant at P < 0.001. e Pearson's deattenuated product-moment correlation coefficient on log-transformed data. f Coffee is all types but "not lattes or mochas." g 1 cup = 237 mL. h Coffee drinks/cocoa includes "latte, cappuccino, mocha, or hot chocolate." similar for both cycles. The majority (76%) of women were assigned to the same categories in both methods and 12% were assigned to the adjacent category, 8% to the second adjacent category, and 4% to the extreme category. By using recommended daily amounts for caffeinated coffee as the threshold value (<1 cup/day), we found the sensitivity of the 24HDR to be 0.97 and the specificity to be 0.68. The positive and negative predictive values were 0.81 and 0.94.
Variability of caffeine and caffeinated beverage intakes
Mean daily intakes of caffeine and caffeinated beverages as reported on the FFQ-1 and the FFQ-2 were highly correlated (R = 0.72-0.94), as were intakes for 1) FFQ-B and 2) the mean of FFQ-1 and FFQ-2 (R = 0.76-0.94) ( Table 3) . No statistically significant differences were found in mean daily intakes between the FFQ-1 and the FFQ-2. Although differences in consumption values were slight, offee intake was lower as reported on the FFQ-B compared with the mean of FFQ-1 and FFQ-2 (mean = 0.69 cups/day vs. 0.77 cups/day, geometric mean = 0.10 vs. 0.11; P = 0.02), and tea intake was higher as reported on the FFQ-B (0.47 cups/ day vs. 0.38 cups/day; geometric mean = 0.10 vs. 0.09; P = 0.04). Cross-classification between the FFQ-1 and the FFQ-2 showed little severe misclassification (i.e., women assigned to extreme categories), almost perfect agreement for coffee (weighted κ = 0.88), substantial agreement for caffeine, tea, and soda (weighted κ = 0.76, 0.62, and 0.72, respectively), and moderate agreement for coffee drinks/ cocoa (κ = 0.56) ( Table 4) . Similar levels of agreement were found between the FFQ-B and the mean of FFQ-1 and FFQ-2.
There was no significant variation in caffeine consumption over the 2 menstrual cycles (cycle 1, P = 0.88; cycle 2, P = 0.99); coffee drinks/cocoa (cycle 1, P = 0.99; cycle 2, P = 0.95); tea (cycle 1, P = 0.90; cycle 2, P = 0.76); and soda (cycle 1, P = 0.71; cycle 2, P = 0.87) (Figure 3 ). Caffeine consumption reported on the daily diary was also consistent across the menstrual cycle (P = 0.97 for both cycles 1 and 2).
DISCUSSION
We showed that although caffeine and caffeinated beverage intakes were highly correlated among measurement tools in the BioCycle Study, absolute intakes differed significantly. Caffeine and coffee intakes were overestimated and soda intake was underestimated in the FFQ compared with the 24HDR, and caffeinated coffee intake was underestimated in the 24HDR compared with the corresponding day's daily diary. Although the FFQ is adequate for ranking women on their caffeine and caffeinated beverage exposures, it may not appropriately classify exposure on the basis of clinically relevant cutpoints. We demonstrated that caffeine intake as reported in the FFQ was consistent over the 2 menstrual cycles under study and showed a consistent pattern of intake over the previous 6 months as reported by the baseline FFQ compared with reports while under observation. Our analysis of the caffeine and caffeinated beverage intakes as reported in the 24HDR and the daily diary further supports our finding that caffeine intake was relatively consistent over the course of the menstrual cycle.
FFQ-and 24HDR-reported caffeine and caffeinated beverage intakes were more highly correlated than in previous validation studies. Prior population-based studies of women demonstrated deattenuated correlations of between 0.64 and 0.76 (13) (14) (15) 28) . Given that correlations above 0.50 between a dietary instrument (such as the FFQ) and a reference method (such as the 24HDR or the daily diary) indicate that the instrument can reliably rank persons (21), both ours and previous studies support the FFQ as a valid instrument to rank caffeine intake. The FFQ's ability to rank persons for caffeinated beverages is not surprising because participants more easily recall frequently consumed foods and beverages (21) .
Although adequate ranking of subjects may be sufficient for many epidemiologic analyses (14, 15) , assessments of absolute intakes are necessary for formulating recommended levels of consumption and for comparability among studies (15) . We found that the mean caffeine intakes reported in the 24HDRs were lower than those reported in the FFQs over the same time period. Our findings agree with those of a previous study of nonpregnant American women, which compared daily coffee intake as reported on the dietary record and the FFQ (1.8 vs. 2.4 cups, respectively) (15). Although we could not compare the coffee intake (caffeinated and decaffeinated) reported in the FFQ with the coffee intake (caffeinated only) reported in the daily diary, given that BioCycle Study participants consumed predominately caffeinated coffee (only 1% of subjects reported consuming exclusively decaffeinated Abbreviations: CI, confidence interval; FFQ-1, food frequency questionnaire captured at the end of menstrual cycle 1; FFQ-2, food frequency questionnaire captured at the end of menstrual cycle 2.
a Caffeine intake is divided into 4 categories on the basis of quartiles; intake of caffeinated beverages is divided into 4 categories: nonconsumers and tertiles.coffee), the concordance of the FFQ and the daily diary warrants further research, ideally with a caffeine biomarker, to determine the validity of the FFQ for assessing caffeine exposure among premenopausal women.
One explanation for the difference in the reported intakes between the 24HDR and the FFQ relates to variation in weekday versus weekend consumption. The majority (90%) of the 24HDRs in our study were completed on weekdays and, among this relatively young population, caffeine intake may occur more frequently on weekends because of its correlation with alcohol intake, which occurred more frequently on the weekends in the BioCycle Study. Stratification by weekend versus weekday recall for the 134 participants who had a weekend recall, however, showed no significant differences for caffeine, coffee, coffee drinks/cocoa, tea, or soda (Wilcoxon's matched-pairs signed-ranks test: P = 0.65, 0.42, 0.40, 0.36, and 0.60, respectively). The differences in absolute intakes as reported on the FFQ, the 24HDR, and the daily diary may more likely be attributable to the tendency to overreport socially desirable foods and beverages and underreport less healthy foods (15) . The standardized, multipass method of a 24HDR may better correct for this bias compared with a self-administered FFQ or the daily diary. Because participants were instructed to report in their daily diaries the total number of cups of caffeinated coffee consumed, rounding up of caffeinated coffee intake may have occurred. Coffee has been publicized to contain antioxidants and to have chemopreventive properties, which could account for the higher reports of coffee intake. Negative publicity about soda may explain our finding of a lower reported consumption in the FFQ compared with the 24HDR.
Classification analyses for caffeine have been conducted in 1 other study by using the FFQ with nearly identical results (weighted κ = 0.64) despite a lower mean caffeine intake of 114 (standard deviation, 128) mg in our study compared with a mean of 143 (standard deviation, 105) mg in their study (14) . We found that the FFQ reliably distinguished extreme caffeine intake, as documented previously (14) . No other study has assessed the sensitivity, specificity, and positive and negative predictive values of the FFQ for caffeine intake on the basis of recommended limits of intake. If we assume that the 24HDR accurately assessed caffeine intake, then use of the FFQ as a "screening" tool would wrongly categorize 3% of women as below the recommended range and 8% of women as above the recommended range of intake. If we assume that the daily diary accurately assessed caffeine intake, then use of the 24HDR as a screening tool would wrongly categorize 2% of women as below the recommended range and 27% of women as above the recommended range of intake. This is the first study to investigate the validity of the FFQ for reporting the intake of coffee drinks/cocoa. Analyses of specific foods or beverages (e.g., coffee drinks) instead of nutrients (e.g., caffeine) are useful for detecting questionnaire weaknesses and for informing potential questionnaire modifications (15) . Average intakes of coffee drinks/cocoa as reported for the FFQ and the 24HDR were weakly correlated, indicating that the FFQ poorly measures these beverages, perhaps because multiple beverages (i.e., lattes, cappuccinos, mochas, and hot chocolate) are collapsed into 1 category. If the research aim is to assess caffeine intake, a more detailed caffeine assessment tool, such as the Nutrition Assessment Shared Resource Caffeine Questionnaire (29), should be considered. Although there is no plan to validate the Nutrition Assessment Shared Resource Caffeine Questionnaire, we believe that a thorough caffeine assessment tool should be validated among premenopausal American women to improve caffeine exposure assessment in this population, as has been done in the United Kingdom (8) .
The FFQ, the 24HDR, and the daily diary all showed that caffeine and caffeinated beverage intakes did not vary significantly for BioCycle Study participants, both between the baseline and the study period as well as over the course of 2 menstrual cycles. This indicates that caffeine and caffeinated beverage intakes were habitual among this relatively young premenopausal cohort and were not influenced by study enrollment or menstrual cycle phase. Although caffeine metabolism has been shown to vary across different phases of the menstrual cycle, this does not appear to influence caffeine intake behavior (11) .
Although the BioCycle Study had several strengths including high compliance to the study protocol and the ability to evaluate 3 commonly used self-report methods to assess caffeine intake across multiple time points during a relevant window for this population, our study was limited by several factors, including the use of the FFQ-GSEL, which does not distinguish among caffeinated and decaffeinated coffee, teas, and sodas, compared with other FFQs (15, 22) . Although this would affect differences in reported caffeine intakes between the FFQ and 24HDR, it would not have affected differences in beverage intake because we combined caffeinated and decaffeinated beverages reported in the 24HDR to allow direct comparison with the FFQ. Additionally, assessing caffeine intake by self-report is difficult because of the heterogeneity of caffeine content in beverages and the intervariation in caffeine metabolism. Although we show that overall caffeine and caffeinated beverage intakes did not vary, caffeine metabolism may change over the menstrual cycle (11) . To improve caffeine exposure assessment among premenopausal women, future studies using a combination of self-reported intake and biomarkers (e.g., caffeine, paraxanthine, theobromine, and theophylline) may increase precision and help to better measure caffeine dose.
In summary, we showed that although the intakes of caffeine and caffeinated beverages reported on the FFQ, the 24HDR, and the daily diary are highly correlated and have acceptable relative limits of agreement, absolute intakes differ significantly among measurement tools. These results highlight the importance of considering potential misclassification of caffeine exposure when assessing its effect on premenopausal women's health. Although we show that caffeinated beverage intake does not vary over the menstrual cycle, we did not assess differences in caffeine metabolism over the menstrual cycle. Further explorations examining the relationship between self-reported measures of caffeine intake and biomarkers of caffeine concentrations are needed.
